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ABSTRACT 
Due to the continuous global increase in energy demand, 
Concentrated Solar Power (CSP) represents an excellent 
alternative, or add-on to existing systems for the production of 
energy on a large scale. 
In some of these systems, the Solar Power Tower plants (SPT), 
the conversion of solar radiation into heat occurs in certain 
components defined as solar receivers, placed in 
correspondence of the focus of the reflected sunlight.  
In a particular type of solar receivers, defined as volumetric, the 
use of porous materials is foreseen. These receivers are 
characterized by a porous structure called absorber. The latter, 
hit by the reflected solar radiation, transfers the heat to the 
evolving fluid, generally air subject to natural convection.  
The proper design of these elements is essential in order to 
achieve high efficiencies, making such structures extremely 
beneficial for the overall performances of the energy production 
process. 
In the following study, a parametric analysis and an 
optimized characterization of the structure have been performed 
with the use of self-developed numerical models.  
The knowledge and results gained through this study have been 
used to define an optimization path in order to improve the 
absorber microstructure, starting from the current in-house 
state-of-the-art technology until obtaining a new advanced 
geometry. 
 
NOMENCLATURE 
 
Latin symbols 
G Irradiation source [W ∙ m-2] 
Av Specific surface area [m
2
 ∙ m-3] 
T Temperature [K] 
P Pressure [Pa] 
k Thermal conductivity [W ∙ m-1 ∙ K-1] 
cp Specific heat capacity [J ∙ kg
-1
 ∙ K-1] 
h Heat transfer coefficient [W ∙ m-2 ∙ K] 
h ∙ Av Volumetric heat transfer coefficient [W ∙ m
-3
 ∙ K] 
?̇? Fluid mass flow rate [kg ∙ s-1] 
J Radiosity [W ∙ m-2] 
Greek symbols 
ε Porosity 
α Absorption coefficient [m-1] 
σ Stefan-Boltzmann constant [W ∙ m−2 ∙ K−4] 
σs Scattering coefficient [m
-1
] 
ρ Density [kg ∙ m-3] 
μ Dynamic viscosity [kg m-1 s-1] 
η Efficiency 
?̂? Material absorptivity 
Subscripts 
f Fluid 
s Solid 
h Homogeneous volume 
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 in Inlet 
out Outlet 
i.s. Innovative structure 
s-o-a State-of-the-art 
c Ceramic 
a Metallic alloy 
m Mutual 
ext External 
amb Ambient 
 
INTRODUCTION 
The growing energy needs and environmental concern have 
led in recent years to the use of alternative sources of energy. 
One of the options is undoubtedly solar energy. However, since 
only a small fraction of the radiation produced by the sun 
reaches the Earth, optical concentration systems are needed in 
order to reach high flux values useful in industrial applications.  
Among the systems used to make use of the solar energy 
source there is the Concentrated Solar Power (CSP). Those 
systems use mirrors or lenses to concentrate the solar radiation 
at a focal point or line. The focused light is then transformed 
into heat, which drives a thermal engine connected to an 
electric power generator.  
One of the configurations that the CSP systems can assume 
is the Solar Power Tower (SPT) plant. Here, the sunlight is 
reflected from a vast array of mirrors (solar field) and focused 
at a single point placed at the upper end of the tower. In 
correspondence with the focal point, there is the solar receiver. 
In some of those plants, it is defined as open volumetric 
receiver since it is characterized by a porous solid (absorber) 
crossed by atmospheric air that will be heated by contact with 
the inner walls. Subsequently, the hot air is then used for 
industrial purposes, such as steam production in Rankine 
turbine-generator systems in place of fossil fuels [1]. 
Several types of volumetric absorbers have been built and 
tested, such as metallic wire mesh [2], ceramic fibers [3], 
packed bed particles [4], honeycombs [5] and foams [6]. 
This entire variety of different structures can be recognized 
and characterized by parameters and coefficients, defined as 
effective properties, like the porosity (ε), that is the ratio 
between the void volume and the total volume of the porous 
absorber, the absorption (α) and the scattering (σs) coefficients, 
that defines the attenuation of the radiation in such structures, 
the specific surface area (Av) which is the index of the 
exchange surface in porous materials, defined as the ratio of the 
wet surface and the corresponding volume, and the convective 
heat transfer coefficient (h), defined as the ratio of the heat flux 
and the thermodynamic driving force, in this case the 
temperature difference between the atmospheric flow and the 
inner surfaces. 
In order to achieve high efficiencies in the conversion of the 
incoming sunlight into usable heat, a good combination of 
those parameters is needed.  
For this purpose, a numerical analysis, showing the effect of 
these properties on the overall performances of the receiver, 
using a simplified numerical approach, represents a useful 
preliminary work for the successive design procedure.  
The same approach has been taken up by several research 
groups, as it turned out to be very convenient due to its 
computational convenience and ability to simulate very 
complex structures. 
Petrasch et al. [7] used a homogeneous numerical approach 
for the characterization of the radiative heat transfer through a 
two-phase media. Caliot et al. [8] studied the heat exchange in 
reticulated porous ceramics to be used in solar thermal 
application through simplified homogeneous model. 
In 2010, Smirnova et al. [9] compared the results of the heat 
transfer analysis in a volumetric air receiver using both 
homogeneous and inhomogeneous simulation approaches. 
Furthermore, Kribus et al. [10] investigated the possible 
performance of volumetric absorbers as a function of geometric 
and material properties, aiming to identify an optimum 
combination.  
On the other hand, a simplified approach is not the only way 
to study the performance of a volumetric solar absorber. 
Detailed models may also be applied, using as computational 
domain the elementary unit of the receiver that could be a 
single channel, a foam cell or a random unit, according to the 
structure geometry. 
In the same work of Smirnova et al. [9], an inhomogeneous 
model is used for the evaluation of the performances of a 
volumetric solar receiver with a honeycomb-based geometry. 
Here, a 3D single channel represents the control volume used in 
the numerical calculation. 
Wu et al. [11] used a tetrakaidecahedron model for the 
representation of the unit element of ceramic foam used as a 
volumetric solar receiver. 
In the present study, a porous innovative structure has been 
designed in order to obtain high performance as volumetric 
solar receiver. 
Prior to this work, a preliminary parametric study has been 
carried out to characterize the effects of the parameters that 
have most influence on the design of such structures, using a 
self-developed numerical model. It is defined as continuum 
simulation approach and is based on a simplified representation 
of the porous medium. Here, the porous absorber consists of a 
homogeneous volume characterized by the set of effective 
properties previously introduced.  
The effect of the variation of these properties has been 
analysed in order to figure out the best combination in terms of 
design of such structures, taking into account current 
production limits. 
The results obtained at the end of the sensitivity study have 
been used for the design of a brand new porous structure that 
has led to an improved heat exchange and a better efficiency. 
The structure has been numerically tested with the use of a 
second self-developed CFD model, based on the detailed 
representation of the absorber unit element and compared to the 
in-house state-of-the-art. 
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Figure 1a – Radiation incoming direction – plane XZ. 
 
 
Figure 1b – Radiation incoming direction – plane YZ. 
At last, the innovative geometry will be produced in the 
form of sample prototype by an in-house company for the 
subsequent experimental tests. 
MATERIALS AND METHODS 
The proposed study aims to design a new porous structure 
to be used as volumetric receiver in solar thermal power plants. 
The methodology used consists of two separate phases. 
The first phase involves the analysis of the variation of the 
effective properties on the performance of the absorber in solar 
thermal applications. Herein, a portion of the absorber is 
represented by a homogeneous volume and a set of effective 
properties, whose variation has been analyzed in order to 
identify the best combination for optimal performance. In this 
way, a designing path has been detected and applied for the 
subsequent actual design procedure.  
As a result, an innovative structure has been drawn and it 
has been numerically tested in the second phase, with the use of 
a second detailed numerical model 
For the purposes listed above, two different numerical 
models have been developed and used for the heat and mass 
transfer analysis in porous materials. They are both based on a 
three-dimensional representation of the porous volume and 
calculate the heat exchange between the solid phase and the 
fluid flowing into the porous zone under forced convection. 
Those models can be defined as follow: 
 
- continuum model,  
- discrete model. 
 
The first one evaluates the conjugate heat transfer inside a 
homogeneous volume characterizing the porous absorber by 
means of the effective properties. Thus, no detailed 
representation of the porous structure is needed, drastically 
reducing the simulation time and memory requirements [12]. 
For this simulation scenario, radiation in participating media 
has been considered, setting a diffuse irradiation condition as 
main energy source (Gh), due to software constraints. Thus, the 
Discrete Ordinates (DO) approximation method has been 
applied for the solution of the Radiative Transfer Equation 
(RTE) [13]. 
The discrete model is based on the accurate characterization 
of the absorber, represented by its unit element and analyzed 
with the use of symmetrical boundaries. Thus, a CFD 
simulation is set for the evaluation of the conjugate heat 
transfer. The main assumptions behind the mathematical model 
are steady-state, incompressible flow, homogeneous properties 
of the gaseous and solid phases, grey body solid surfaces. The 
gaseous and solid phases can be at different temperatures and 
the local thermal non-equilibrium equations (LTNE) are used.  
The radiative heat transfer is treated by using the direct 
area integration method through view factor calculations. The 
radiative source has been set taking into account the setup of 
the HLS solar simulator and calibrated in respect of previously 
determined experimental conditions [14]. The incoming 
irradiation (G) has been distributed on different vectors at 
different incoming angles, ranging from 90° to 30° compared to 
the normal to the YZ and XZ planes, placed on XZ and YZ 
planes respectively, as shown in Fig. 1a and Fig. 1b. 
Both models have been previously compared and validated 
with several numerical and experimental results, referring to the 
current in-house state-of-the-art geometry and other material 
samples [15]. 
Continuum model – physical and mathematical 
description 
A homogeneous 3D volume, representing an arbitrary 
portion of the absorber made out of ceramic material, is used in 
the continuum model.  
In this particular case, as shown in Fig. 2a, a parallelepiped 
represents the porous zone; it has a front square surface (A1) of 
1 x 10-4 m2 and a depth of 5 x 10-2 m.  
Concerning the fluid volume, an inlet zone, 3 x 10-3 m deep, is 
coupled to a solid of the same size as that one characterizing 
the porous volume, as shown in Figure 2b.  
The fluid and the porous volumes, then, are overlapped on each 
other in order to simulate the air flow through porous medium 
under atmospheric conditions. 
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Figure 2a – Homogeneous volume. 
 
Figure 2b – Fluid volume. 
For the characterization of the porous zone, weighted and 
effective properties have been used: properties referred to the 
homogeneous phase like the thermal conductivity (kh), the 
density (ρ) and the specific heat capacity (cp) have been 
weighted in relation to the porosity of the structure in order to 
take into account the presence of the air in the homogeneous 
volume and its corresponding properties. Other quantities like 
the volumetric heat transfer coefficient, defined as the product 
of the convective heat transfer coefficient and the specific 
surface area (h ∙ Av), and optical parameters like the absorption 
and scattering coefficients can be obtained either 
experimentally, from literature or from detailed numerical 
simulation [16-19]. 
Numerical equations 
For the numerical calculation of the velocity and pressure fields 
the Navier-Stokes equations have been used in the model. This 
application mode describes the connection of the fluid velocity 
and the pressure according to the equation: 
 
∇(−p +  μ(∇u +  (∇u)𝑇)) = ρ(u∇) u             (1) 
where μ is the dynamic viscosity, u is the fluid velocity and ρ  
is the fluid density and: 
 
∇(ρu) = 0;  ρ = ρ(p, Tf)                                                       (2) 
 
The heat transfer in the air has been simulated according to the 
following equation: 
  
∇(−kf∇Tf + ρcpuTf) = Q𝑓→ℎ                                           (3) 
 
where kf is the fluid thermal conductivity and cp is the fluid heat 
capacity. The heating power from the fluid to the homogeneous 
volume Qf→h has been determined through the volumetric heat 
transfer coefficient (ℎ ∙ 𝐴𝑣) according to the following equation: 
Qf→h =  Q h→f  =  hAv(Tℎ − Tf)                             (4) 
 
where Th is the temperature of the homogeneous phase. The 
heat transfer in the latter has been simulated through the heat 
conduction module, based on the Fourier equation: 
 
−∇(kh∇Th) = Q h→f + Qr                 (5) 
 
where Q h→f is the heating power from the homogeneous 
volume to the fluid phase and kh is the thermal conductivity of 
the porous volume. Qr represents the power related to the 
radiative source term and it can be defined as follow: 
 
Qr =  α(Gh  −  σTh
4)               (6) 
 
where α is the absorption coefficient and σ is the Stefan-
Boltzmann constant. 
The radiative source has been evaluated through the Radiative 
Thermal Equation, adapted to the Discrete Ordinates solution 
method and can be expressed as follow: 
 
s̅ ∙ I(s̅) = αIb(Th) − (α + σs)I(s̅) +
σs
4π
∫ I(s̅´)φ
4π
0
(s̅´, s̅)ds̅´          (7) 
 
where 𝐼(?̅?) is the radiative intensity in the s̅ direction, φ is the 
scattering phase function and Ib is the blackbody radiative 
intensity which is expressed as follow: 
 
x
y
z
x
y
z
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Figure 3a – Perspective view of the innovative geometry unit 
element. 
 
Figure 3b – Front view of the innovative geometry unit 
element. 
 
Ib(Th)  =  
n2σT4
π
                                                             (8) 
 
where n is the refractive index of the participating media. 
Furthermore, in this set of simulations the scattering has been 
considered isotropic, thus the phase function φ(?̅?´, ?̅?) is equal 
to 1. 
Discrete model – physical and mathematical 
description 
An innovative honeycomb-base porous structure, which unit 
element is shown in Fig. 3a and Fig. 3b, has been designed 
following the indications obtained with the use of the 
previously introduced parametric study through continuum 
simulation and is currently under patenting process.  
The structure, representing the solid volume in the 
numerical discrete simulation, presents a graded porosity. It is 
characterized by an entrance area with a particular spike-
profile, in correspondence of which, the value of the porosity 
passes from 0.98 to 0.70 of the rear zone. 
The thickness of the inner walls is 200 microns, thus obtaining 
a high cellularity and therefore a high volumetric heat transfer 
coefficient.  
In addition, a staggered geometry characterizes the inner 
structure. In this way, the turbulence of the atmospheric air flow 
increases, thereby increasing the volumetric heat transfer 
coefficient.  
The fluid volume is reported in Fig. 4. Also in the detailed 
model, a fictitious inlet zone is present for the development of 
the flow. 
Numerical equations 
The numerical calculation of the velocity and pressure fields 
of the air flow is based, yet again, on the Navier-Stokes 
formulation, using Eq. 1 and Eq. 2 as Momentum and 
Continuity equations respectively.  
The energy exchange has been treated using the Fourier´s 
law for the solid and fluid phases through the following 
equations: 
 
Fluid phase 
ρcpu∇Tf = ∇(kf∇Tf)                (9) 
 
Solid phase 
−∇(ks∇Ts) = Qr             (10) 
 
Qr  =  α(G −  σTs
4)              (11) 
 
G =  Gm(J)  +  Famb σTamb
4  +  Gext            (12) 
where Gm is the mutual irradiation, coming from other 
boundaries in the model, J is the radiosity, which is the sum of 
the reflected and emitted radiation that leaves the surface.  
Gext is the irradiation from external radiation sources, defined as 
the sum of the products, for each external source, of the 
external heat sources view factor by the corresponding source 
radiosity and Famb is an ambient view factor whose value is 
equal to the fraction of the field of view that is not covered by 
other boundaries.  
A more detailed description of the numerical approach, 
including boundary and continuity conditions, is presented in 
[20]. 
 
Figure 4 – Complementary fluid volume for the discrete model 
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Figure 5 – Efficiency vs porosity for (h ∙ Av) = (2.0, 3.5, 5.0, 
10.0, 30.0, 50.0) x 104 W ∙ m-3 ∙ K. 
RESULTS 
In the following section, the results of the parametric study 
obtained through continuum simulation and the ones obtained 
through discrete simulation will be shown in two different sub-
paragraphs. 
Continuum model – parametric study results 
A sensitivity study on the effect of the variation of the 
effective properties on the overall performances of the solar 
absorber has been performed with the use of the continuum 
model. 
Here, several simulation processes have been conducted 
considering the same initial conditions such as a diffuse 
irradiation source, homogeneous thermal conductivity, fluid 
incoming mass flow rate (ṁ) and thermodynamic conditions 
defined as follow: 
 
- Gh = 6.5 x 10
5 W ∙ m-2; 
- ṁ = 4.3 x 10-5 kg ∙ s-1; 
- kh = (1-ε) ∙ ks-c (Ts) + ε ∙ kf W ∙ m
-1
 ∙ K-1; 
- Tf−in = 318.25 K; 
- Pf−in  =  Pf−out  = 101325 Pa; 
 
where kf  is the fluid thermal conductivity and ks-c(Ts) is the 
material thermal conductivity as a function of the solid 
temperature that ranges from 150 W ∙ m-1 ∙ K-1 at room 
temperature to 40 W ∙ m-1 ∙ K-1 at 800 °C [21].  
This study has been carried out in two steps: in the first, 
defined as Stage 1, the effect of the variation of the porosity 
and the volumetric heat transfer coefficient has been analyzed, 
setting the values of the optical parameters as reported below: 
 
- α = 115 m-1; 
- σ = 13 m-1. 
 
Therefore, an array of values for the porosity and the 
volumetric heat transfer coefficient has been set as follows: 
 
- ε = 0.20, 0.30, 0.50, 0.70, 0.95; 
- h ∙ Av = (2.0, 3.5, 5.0, 10.0, 30.0, 50.0) x 10
4 
W ∙ m-3 ∙ K. 
 
During the second step, defined Stage 2, also the optical 
parameters has been taken into account. Thus, an array of 
values for the following properties has been chosen:  
 
- ε = 0.50, 0.95; 
- h ∙ Av = (5.0, 10.0, 30.0, 50.0) x 10
4 
W ∙ m-3 ∙ K; 
- α = (15, 35, 50, 100, 150) m-1; 
- σ = (10, 200) m-1. 
 
The efficiency (η), defined as the ratio between the 
incoming radiative heat flux and the enthalpy gained by the 
fluid during the conjugate heat transfer, is considered as a 
comparison parameter. 
It has been defined with the following equation: 
η =  
(ṁ ∙ cp ∙  (Tf−out − Tf−in))
(Id ∙ A1)
                                                    (13) 
Stage 1 results 
The chart in Fig. 5 shows the variation of the efficiency 
versus the porosity for different volumetric heat transfer 
coefficients, given the value of the optical properties as 
previously reported in the paragraph. 
The highest values of the efficiency correspond to structures 
presenting high porosity and high volumetric heat transfer 
coefficient. High values of porosity facilitate the penetration of 
the radiation inside the porous volume; therefore radiative 
energy is not stuck in the front zone, leading to a lower 
temperature of the solid and thus in lower radiative emission 
losses [10]. 
At the same time, a high volumetric heat transfer coefficient 
also ensures a better performance of the absorber. In order to 
obtain this condition, it is possible to operate both from a fluid-
dynamic point of view, acting directly on the convective heat 
transfer coefficient, and at the structural level, using an 
absorber which present high exchange surface area and, 
therefore, high cellularity. 
Stage 2 results 
The charts in Fig. 6a and Fig. 6b show the trend of the 
efficiency versus the different absorption coefficients 
considered in this second group of simulations, for two values 
of porosity, different volumetric heat transfer coefficients (5, 
10, 30, 50 x 104 W ∙ m-3 ∙ K) are considered and scattering equal 
to 10 and 200 m
-1
.  
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ef
fi
ci
e
n
cy
Porosity
h ∙ Av = 500000
h ∙ Av = 300000
h ∙ Av = 100000
h ∙ Av = 50000
h ∙ Av = 35000
h ∙ Av = 20000
6 Copyright © 2015 by ASME
  
Figure 6a – Efficiency vs absorption for (h ∙ Av) = (5.0, 10.0, 
30.0, 50.0) x 104 W ∙ m-3 ∙ K, ε = (0.50, 0.95) and σ = 10 m-1. 
 
 
Figure 6b – Efficiency vs absorption for (h ∙ Av) = (5.0, 10.0, 
30.0, 50.0) x 104 W ∙ m-3 ∙ K, ε = (0.50, 0.95) and σ = 200 m-1. 
The unfavorable effect of the scattering is more evident in high 
porosity structures; here the void volume is bigger and there is 
a higher possibility of losing part of the radiation as a 
consequence of the inner multiple reflections caused by high 
scattering values. On the other hand, a higher inner reflection in 
dense structures allows a higher gaining in term of radiative 
heat flux since the possibilities of leaving the volume are lower 
compared to high porosity geometries.  
As shown in the charts reported above, higher performances 
are obtained in correspondence of structures with high 
absorption coefficient and high volumetric heat transfer 
coefficient. On the other hand, when the value of the absorption 
is low, part of the incoming radiation is lost, leaving the 
computational domain without taking part in the heat transfer 
process, as shown in Fig. 7. Here, the attenuation curve of the 
radiative source is reported in relation to the depth of the 
absorber, for the two extreme values of the absorption 
coefficient array and the two porosities, chosen the scattering 
and the volumetric heat transfer coefficients (σ = 10 m-1, (h ∙ 
Av) = 3.0 x 10
4 
W ∙ m-3 ∙ K). In both cases, in correspondence of 
the low absorption curves, an aliquot of the incoming radiation 
leaves the volume, lowering the overall performances. 
Furthermore, the low porosity curves also present a lower 
initial value of the entering radiation due to the higher 
percentage of solid in the homogeneous phase that reaches a 
higher temperature in correspondence of the inlet zone, leading 
to higher emission losses.  For the same reason, there are also 
higher reflection losses since the possibility that the radiation 
hit a solid surface is higher in low porosity structures. 
Considerations 
From the numerical study reported before, it turns out that, 
it is possible to obtain high values of efficiency with a structure 
presenting at the same time a high volumetric heat transfer 
coefficient, a high porosity and a variable absorption coefficient 
that could be adapted to different radiative needs: to contain the 
emission losses from the inlet zone (low absorption – inlet 
zone) but also be able of gaining all the power from the 
incoming radiation source (high absorption– inner zone). 
 In this regard, further simulations through the continuum 
approach have been made. 
Particularly, in order to demonstrate the considerations 
reported above, a theoretical simulation case has been 
introduced with regards to the radiative behavior, acting 
directly on the setting of the absorption coefficient. 
Here, a function that varies along the z-axis has been set as 
follow: 
 
- α(z) = 0 m-1   with (0.0 ≤ z < 0.5) cm; 
- α(z) =  200 m-1   with  z > 0.5 cm. 
 
This homogeneous simulation represents a theoretical graded 
porosity structure, with very high porosity in the front, in 
correspondence of α(z) = 0 m-1   with (0.0 ≤ z < 0.5), and a 
higher porosity for the developing structure α(z) =  200 m-1   
with  z > 0.5 cm.  
Furthermore, constant parameters have been set as follow: 
 
- ε = 0.70; 
- h ∙ Av = 3.0 x 10
4 
W ∙ m-3 ∙ K; 
- σ = 0 m-1; 
 
The results of this simulation have been compared with 
another numerical case presenting the same parameters and 
settings, except for the absorption coefficient that has been 
considered constant and equal to 200 m
-1
.  
The temperature profiles reported in Fig. 8, show an overall 
better behavior in the case with variable absorption where the 
outlet temperature of the fluid is higher. This is due to the 
reduced radiative losses in case two that allow us to obtain a 
higher efficiency value.  
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Figure 7 – Radiation vs volume depth for α = (15, 150) m-1, ε = 
(0.50, 0.95), σ = 10 m-1 and (h ∙ Av) = 30.0 x 10
4 
W ∙ m-3 ∙ K,. 
 
 
Figure 8 – Temperature profiles vs volume depth obtained 
through continuum simulation for cases with α = α(z)  and α =  
200 m
-1
. 
It must be said that the absorption coefficient is strictly related 
to the porosity of the structure: low absorption can be obtained 
with high porosity samples and vice versa.  
This last numerical exercise, lead to a further consideration 
regarding the upcoming design procedure: a good compromise 
will be a structure that presents very thin walls, in order to have 
a high porosity but also a high cellularity and a graded 
geometry that presents a higher value of porosity at the inlet 
zone compared to the rear volume.  
Discrete model – simulation results 
In this paragraph, the results of the discrete simulation 
approach will be presented. 
The following initial conditions have been set for the 
discrete simulation: 
 
- G = 6.5 x 105 W ∙ m-2; 
- ṁ = 4.8 x 10-6 kg ∙ s-1; 
- ks−a = ks−a (𝑇𝑠)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅  =  22 W ∙ m
-1 ∙ K-1; 
- ?̂? = 0.9; 
- Tf−in = 318.25 K; 
- Pf−in  =  Pf−out  = 101325 Pa. 
 
In the chart in Fig. 9, temperature profiles of the innovative 
structure are reported and compared to the ones of the state-of-
the-art obtained in the same numerical conditions through 
discrete simulation. The innovative structure shows a better 
behavior concerning the radiative needs. Thanks to its 
particular inlet profile characterized by very high porosity and, 
as a consequence, a very low absorption coefficient, the 
incoming radiation easily reaches the inner zone. Thus, the 
front solid area is kept at a relatively low temperature, reducing 
the losses for re-emission.  
Moreover, the equilibrium between the solid and the fluid 
temperature is reached within 1.5 cm, drastically reducing the 
required depth of the porous absorber. 
For the test sample, the efficiency has been evaluated according 
to Eq. 13 and compared to the in-house state-of-the-art one, 
using the same numerical approach and the same initial 
conditions. The calculated efficiencies are: 
 
- ηi.s. = 0.87; 
- ηs-o-a- = 0.73. 
CONCLUSIONS  
In the presented study, a preliminary parametric analysis 
through continuum simulation has been carried out in order to 
evaluate the effect of the variation of effective properties and 
parameters on the performances of a volumetric solar receiver. 
Here, the porous medium has been represented by the use of a 
homogeneous volume.  
 
 
Figure 9 – Temperature profiles vs volume depth obtained 
through discrete simulation of the innovative structure and the 
in-house state-of-the-art. 
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 This work has led to several conclusions regarding the 
optimization of porous material structures. In order to have 
high performance, they must present at the same time high 
porosity, high thermal exchange surface and a shape that is well 
adapted to the different radiative needs. 
From a design point of view, these remarks translate into a 
structure presenting very thin walls, a staggered inner geometry 
and a variable porosity that keeps a higher value in the front in 
order to allow a better penetration of the radiation, thus 
reducing reflection and emission losses. 
Following these considerations, an innovative absorber 
structure has been designed to be used as volumetric solar 
receiver. The same structure has been numerically tested with 
the use of a discrete numerical model in which the real 
geometry has been used in the computational domain, showing 
an improved radiative behavior thanks to its graded porosity 
and a reduced depth required, showing an increased value of 
the efficiency. 
In the near future, the geometry will be produced by an in-
house company in the form of a prototype sample using an 
austenite nickel-chromium-based alloy for the production. 
Then, experimental evaluation of the performance will be done 
using the HLS solar simulator setup in order to validate the 
previously determined numerical results. 
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